Response control devices are widely used at the design of high-rise buildings owing to reduce the seismic response considering about the influence of long period ground motion, but these performances are degraded by excessive bending deformations. In order to improve response control performance, this paper describes an analysis method of effective damper deformations and a new structural system which amplifies effective damper deformations. It is confirmed that this system is able to highly reduce responses, particularly in acceleration and shear force, with a small amount of damper owing to high damping effect.
Improved seismic performance has become necessary in high-rise buildings since the 2011 off the Pacific coast of Tohoku Earthquake. Response control structures are widely used to eliminate damage to structural building frames. A damping force is created by deformations acting on the response control devices, and thus, response control structures are not affected by both bending deformations of the entire frame and frame deformations resulting from the force of the dampers. In the design of high-rise buildings, due to these surpassing deformations, proper evaluation of deformations affecting response control devices (defined as effective damper deformations) is necessary. To realize rational response control structures, components of effective damper deformations must be clarified via analysis of such factors. In this paper, an analysis method used to find the most effective damper deformations and a new structural system with damper deformation amplification mechanisms are proposed to improve the response control performance.
In the proposed method, effective damper deformations are separated into materials for shear, bending, and partial deformations of main frames. Thus, it is possible to evaluate the influence of factors contributing to a loss of effective damper deformation and the corresponding magnitude of deformation. The validity of the method was verified using a thirty-story building having a continuous, vertical damper arrangement. The results showed that the direction of damper deformation caused by bending deformations due to axial deformation of the columns is in the opposite direction of the damper deformations caused by shear deformations of the main frame; thus, effective damper deformations decrease.
Based on the analysis performed using the proposed method, a new structural system with effective damper deformation amplification mechanisms is proposed. The proposed system with wall-type dampers uses forms installed with a beam having two pin joints, and has two characterized deformation amplification effects. First, the direction of the damper deformations caused by axial deformations of the columns is in the same direction as the damper deformations caused by shear deformation of the main frame. This is a result of the reduction in the axial forces of the columns because of the separated main frames. Second, the dampers are deformed by rotation of the beams between two pins geometrically for disposing pins on the inside of the beam. The response control effects of the proposed system were examined via seismic response analysis and by using the equivalent period and damping of a thirty-story building.
The advantage of the proposed system is that seismic responses can be greatly reduced with minimal damping due to the significant damping effect produced. Additionally, acceleration and shear forces are reduced using the proposed system, particularly by extending the period via stiffness reductions. The validity of the proposed method, which creates a shear spring model for time history analysis of the proposed system, was verified; the results confirmed that the shear model of the proposed system could be created as a conventional structure.
This study describes the amplification mechanism and the novelty of the proposed system. However, bounded examinations were considered. Further studies are needed to evaluate the influence of the beam and column stiffness surrounding the dampers, degree of damping force, earthquake magnitude, and other considerations. 
